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(54) A rotary electromechanical device and a pulley driving system using the rotary 
electromechanical device 



(57) A rotary electromechanical device of the inven- 
tion comprises a motor (A3) including a stator (3b) and 
a rotor (6a), a motor (B4) including a stator (4b) and a 
rotor (6b), and variable power supplies (2a, 2b) for driv- 
ing the respective motors (A3, B4) independently of 
each other, wherein the motors (A3, B4) are arranged 
in series along the axial direction of a rotary shaft (5). 
Magnetic poles of the same polarity of the rotors (6a, 
6b) are located at the same angular positions around 
the rotary shaft (5) while magnetic poles (+U1) of the 
stator (3b) of the motor (A3) and magnetic poles (+U1) 
of the stator (4b) of the motor (B4) are displaced from 
each other in the circumferential direction of the rotary 
shaft (5). 
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Description 

BACKGROUND OFTHE INVENTION AND RELATED 
ART STATEMENT 

5 

[0001] The present invention relates to a rotary eleo 
tromechanical device used in a field in which stringent 
requirements are imposed, with respect to torque char- 
acteristics and for small torque ripples, as wed as to a 
pulley driving system using the rotary electromechanical , 10 
device. v 
[0002] In a rotary electromechanical device like an in- 
duction motor, for example, grooves, or so-called slots, 
for accommodating coils are formed in the proximity of, 
an air gap by punching an iron core in a stator or a rotor, I 5 
and there occur areas of high and low magnetic flux den- 
sities in a magnetic field formed in the air gap .due to.a 
.difference, in reluctance^btetween the slots and the. iron 
core. For this reason, magnetic fluxes formed in the air 
gap contain a lot . of harmonic .components and, there- 20 
fore, there occurtorque variations in the induction motor. 
The torque variations occurring in the induction motor 
are referred to as torque ripples, and it is necessary to 
solve this torque ripple problem. 

[0003] Conventionally, so-called skewed slots, which, 25 
are the slots formed in the stator or the rotor at an ob- 
lique angle to the direction of an axis of rotation, have 
been employed to solve this problem. Another approach 
to the solution of the problem is disclosed in Japanese 
Laid-open Utility Model Publication No. 4-97459, in 
which a rotary electromechanical device comprises a 
plurality of stators which share a single. rotor and the 
positions of slots formed in the multiple. stators are dis- 
placed from one another in the direction of rotation, or 
a rotary electromechanical device comprises a plurality 
of rotors which share a single stator and the positions 
of slots formed in the multiple rotors are displaced from 
one another in the direction of rotation, and coils accomr 
modated in the slots are connected in series. 
[0004] Stringent requirements are imposed on a rota- 
ry electromechanical device used in an elevator, for ex- 
ample, for small torque ripples as well as concerning the 
amount of torque. The rotary electromechanical device 
employing the aforementioned skewed slots and the ro- 
tary electromechanical device disclosed in Japanese 
Laid-open Utility Model Publication No. 4-97459, how- 
ever, have a p cob lem that it is difficult to obtain, the 
amount of torque satisfying the aforementioned require- 
ments due to a reduction in facing surface areas of mag- 
netic poles of the rotors and magnetic poles, of the sta- 
tors. 

[0005] In particular, a so-called magnetic pole con- 
centrated winding type rotary.electromechanical device, 
in which coils are wound closely around teeth formed 
on a core of a 'stator, has a problem that a reduction in 
the amount of torque increases if a conventional torque 
ripple reduction method as stated above is used. 



SUMMARY OF THE INVENTION 

[0006] The invention has been made to solve the 
aforementioned problems and, thus, it is an object of the 
invention to provide a rotary electromechanical device 
which can prevent a reduction in the amount of torque 
and reduce torque ripples as well as a pulley driving sys- 
tem employing such a rotary electromechanical device. 
[0007] According to the invention, a rotary electrome- 
chanical device, comprises a rotary shaft, a plurality of, 
motor sections, each including a rotor and a stator po v 
sitioned to face each other, the rotors of the individual 
motor sections being fixedly mounted in series on the 
rotary shaft, and power supplies for driving the multiple 
motor sections independently of one another, wherein, 
the relative .distance between magnetic poles of the^ 
same polarity on the rotor and the stator in the circum- 
ferential, direction, of the rotary shaft differs between the 
individual motor sections. This construction makes it. 
possible to provide a high-performance rotary electro- 
mechanical device capable of suppressing torque rip- 
ples without reducing the amount of torque. 
[0008] In one form of the invention, the multiple motor 
sections are two motor sections driven by the respective 
power supplies of a three-phase alternating current 
type, and the difference between the relative distances 

-between the motor sections corresponds to a phasedif- 
ference equal to an odd multiple of 90° in terms of elec- 
trical angle. This arrangement is advantageous ,in that 
it can cancel out two types of torque ripples, that is< the 
torque rippies (whose frequency is six times the power 

. supply frequency) occurring due to harmonic magnetic 
fluxes and the torque ripples (whose frequency is. twice. 

. the power supply frequency) occurring due to, manufac- 
turing errors of the stators (deformation of surfaces fac- 
ing the rotors). t 

[0009] In anotherform of the invention, the stators are 
, of a magnetic pole concentrated winding type in-which 
coils are wound closely around individual teeth formed 
on stator cores of the individual stators. Compared to 
. the conventional concentrated winding type motors 
whose torque is noticeably decreased due to the torque 
-ripple reduction method, the aforementioned arrange- 
ment of the invention can suppress the torque ripples 
without reducing the amount of torque. In addition, the 
arrangement of the invention helps improve productivity. 
[0010] In still another form of the invention, the teeth 
..formed on each of the stator cores are separated from 
one another or the teeth are joined in such, a manner 
that intervals between winding portions of the adjacent 
teeth on which coils are wound, can be increased. This 
arrangement is advantageous in improving the efficien- 
cy of wire-winding operation. 

[0011] In yet another form of the invention, the motor 
sections are of a radial gap type in which facing surfaces 
of the stators and the rotors are arranged parallel to the 
axial direction of the rotary shaft. This arrangement is 
advantageous in that it can cancel out electromagnetic 
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forces exerted between the stators arid the" rotors, re- 
duce forces exerted on a bearing and prolong its service 
life. • v ' 

[0012] In another form of the invention, the motor sec- 
tions are of an axial gap type in which facing surfaces s 
of the stators and the rotors are arranged at right angles ■*■ 
to the axial direction of the rotary shaft. This arrange- • 
ment makes it : possible to obtain a greater mechanical 
accuracy of the facing surfaces of the stators and the 
rotors and reduce torque ripples occurring in relation to 10 
manufacturing errors. 1 

[0013] In one variation of the aforementioned radial ' - 
gap type arrangement; the magnetic poles provided on ' 
the stators or the magnetic poles provided oh the rotors, 
or the magnetic poles provided oh both the stators and 1 is 
the rotors, are arranged at ah oblique angle to the axial 
direction of the rotary shaft. This arrangement makes it 
possible to reduce the torque rippies in a more reliable 
fashion. In addition, it is made possible to cancel out 
torque ripples related to various components of the pow- 20 
er supply frequency as well as components other than 
the power supply frequency when such components oc- 
cur. ".'*•*. 

[0014] In one variation of the aforementioned axial 
gap type arrangement, the magnetic poles provided on 25 
the stators or the magnetic poles provided on the rotors, 
or the magnetic poles provided oh both the stators and 
the rotors, are arranged at an oblique angle to the radial 
direction of rotary shaft. This arrangement also makes 
it possible to reduce the torque ripples in a more reliable 30 
fashion. In addition, it is made possible to cancel but" 
torque ripples related to various components of the pow-' 
er supply frequency as well as components other than ' ' 
the power supply frequency when such components oc- 
cur. . • . 35 . 
[001 5] According to the invention, a pulley driving sys- 
tem comprises a rotary shaft, a plurality of motor sec- 
tions, each including' a rotor and a stator positioned to 
face each other, the rotors of the individual motor sec^ 
tions being fixedly mounted in series on the rotary shaft, 40 
a pulley section arranged in series with the rotors in the 
axial direction of the rotary shaft and fixedly mounted 6n 
the rotary shaft, and power supplies for driving the mul- ! 
tiple motor- sections independently of one another,' 
wherein the relative distance between magnetic poles 
of the same polarity on the rotor and the stator in the 
circumferential direction of the rotary "shaft differs be- 
tween the individual motor sections. This construction 
makes it possible to provide a high-performance pulley 
driving system capable of suppressing torque ripples so 
without reducing the amount of torque. 
[0016] In one form of the invention, iron cores of the 
individual rotors and the pulley section are formed into 
a single structure. This construction makes It possible 
to increase the rigidity of individual joints and exactly 55 
invertthe phases of the torque ripples, so that the torque 
ripples can be suppressed in a reliable fashion. 
[0017] In another form of the invention, the whole of ' 



the multiple motor sections are provided on one side of 
the pulley section in the axial direction of the rotary shaft. 
This arrangement makes it possible to assemble indi- 
vidual elements from one side of the system, resulting 
in an improvement in productivity. In addition, since the 
• distance between the motor sections is reduced, the ri- 
gidity of a portion between them increases and align- 
ment of the phases of the torque ripples becomes even 
easier. Furthermore, it is possible to effectively use in- 
ternal spaces of the stators in the case of motors having 
a large diameter. 

[0018] In still another form of the invention, the multi- 
ple motor sections are provided on both sides of the pul- 
ley section in the axial direction of the rotary shaft. This 
arrangement makes 'it possible to balance forces exert- 
ed on the pulley section and distribute forces exerted on 
the pulley section and the motor sections and, therefore, 
there is no need to unnecessarily increase the mechan- - 
ical strength of connecting parts between the pulley sec- 
tion and the motor sections and the physical size of the 
system can be reduced. . .■ - 

[0019] These and other objects, features and advan- * 
tages of the invention will become more apparent upon ^ 
reading the following detailed description in conjunction ' * 
with the accompanying drawings.' ^ 

BRIEF DESCRIPTION OF THE DRAWINGS ? 

[0020] h " ' L 

FIG. 1 is a partially sectional diagram showing the - 
construction of a rotary electromechanical device ■** 
according to a first embodiment of the invention; 4 
FIGS. 2A and 2B are cross -sectional views taken"*' 
along lines II— 1 1 and lines Ill-Ill of FIG. 1; . 
"= FIG. 3 is an enlarged fragrnentary diagram for ex- 
! 1 plaining the arrangement of coils of the first embo'd- 
iment of the invention; 

FIG. 4 is a diagram showing how the coils are con- 
nected in the first embodiment of the invention; 
FIGS. 5A and 5B are plan views showing how teeth 
of stator cores of the first embodiment are connect- 
'•' ' - ed; ' ■ ' 

FIG. 6 is a diagram showing how a motor core of 
the first embodiment is welded; 
' FIG. 7 is a diagram showing how irregularities in the 
inside diameter of a stator occur when the motor" 
" ' " core of the first embodiment is welded; 

FIG. 8 is a partially sectional diagram snowing the 
construction of a pulley driving system according to 
a second embodiment of the invention; 
FIGS. 9A and 9B are cross-sectional views similar 
to FIGS. 2A and 2B showing ah alternative arrange- 
ment of stators and rotors of the first and second 
embodiments; 

FIG. 10 is a sectional diagram showing a construc- 
tion according to a third embodiment of the inven- 
tion; 



3 



5 



EP 1 220 426 A2 * 



6 



FIG. 11 is a sectional diagram showing a construc- 
tion in one varied form of the third embodiment of 
the invention; 

FIG. 12 is a sectional diagram showing a construc- 
tion according to a fourth embodiment of the inven- 
tion; 

FIG. 13 is a sectional diagram showing a construc- 
tion according to a fifth embodiment of the inven- 
tion: and 

FIGS. 14A-14C are plan views showing a. skew 
structure of a stator according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION FIRST 
EMBODIMENT 

[0021] Now, embodiments of the invention are de-'. 
scribed with reference to the accompanying drawings. 
[0022] FIG. 1 is a partially sectional diagram showing 
the construction of a. rotary electromechanical device 
according to a first embodiment of the invention, in> 
which designated by the numeral 1 is a rotary machine 
section, and designated by the numeral 2 is a driver sec- 
tion for driving the rotary machine section 1 . Since the 
rotary machine section 1 is generally axially symmetric, 
only one side of a rotary shaft 5 is shown inFlG.,1 
[0023] The rotary machine section 1 incorporates a 
motor A3 and a motor B4.- Rotors; 6a, 6b integrally 
formed with yokes (Iron cores) 3a, 4a are fixedly mount- 
ed on the rotary shaft 5. Permanent magnets 3e:are. > 
fixed to the yoke 3a. and permanent magnets 4e are; 
fixed to the yoke 4a. A stator 3b fixed to a frame 7 and 
the rotor 6atogether constitute themotor A3 while asta- 
tor 4b fixedto the frame 7 and the 'rotor 6b together con- 
stitute the motor B4. The motor A3 and the motor B4> 
thus constructed are arranged in series along andcon- 
centrically about the axis of the rotary shafts. Bearings 
9 are placed between the frame 7 and the. rotary shaft \ 
5, and between a bracket 8 and the rotary shaft 5, to 
rotatably support the rotary shaft 5. . 
[0024] An encoder 1 0 which works as a rotational. po- ; 
sition detecting device is provided in a space formed in- 
side the rotor 6a of the motor A3. A rotating part of the 
encoder 1 0 is fixed to the rotary shaft 5 while a stationary 
part of the encoder 1 0 is fixed to the bracket 8. 
[0025] The driver section 2 for driving the rotary ma- ■ 
chine section 1 includes two variable power supplies 2a, • 
2b whose voltages and frequencies. are variable.. These 
variable power supplies 2a, 2b are connected to the mo- 
tor A3 and the motor B4, respectively, and a power cir- . 
cuit A of the variable power supply 2a supplies electric 
currents to the motor A3 while a power circuit B of the 
variable power supply 2b supplies electric currents, to 
the motor B4. Thus, the motors A3 and B4 are driven by. 
the variable power supplies 2a and 2b, respectively, 
which work independent from each other. A rotational 
position signal output from the encoder 10 is delivered 
to a controller A of the variable power supply 2a and 



fu rther transferred from the controller A to a contro Her B 
of the variable power supply 2b. This means that the 
controller A and the controller B share the same rota- 
tional position signal. ' .< 
5 [0026] The following discussion deals with details of 
the motor A3 and.the motor B4. The motor A3 and the 
motor B4 are so-called rotating-fieid type synchronous 
motors of the same construction, and their rotors 6a, 6b ' 
include the yokes 3a, 4a and the permanent magnets 
10 3e; 4e, while their stators 3b, 4b include coils 3c, 4c and 
stator cores 3d, 4d, respectively. . 
[0027] FIGS.. 2A and 2B are cross-sectional views 
taken along lines ll-ll and lines Ill-Ill of FIG. 1 (wherein 
the coils 3c, 4c are unillustrated), respectively, FIG. 3 is 
15 . an enlarged fragmentary diagram for explaining the ar- 
■ rangement of the coils 3a 4c of FIG; 1 , FIG. 4 is a dia- 
gram showing connections of the coils 3c, 4c, and FIGS. 
5A and 5B are plan views showing teeth 3f,. 4f of the 
stator cores 3d, 4d. The construction of the motor A3. 
20 and the motor B4 is described below using these Fig- 
ures. ' ■ • 

[0028] In this embodiment, the permanent magnets 
. 3e, 4e fixed to the rotors 6a, 6b form 16 poles while 18, 
slots are formed the stators 3b, 4b as shown in FIGS. 
25 2A and 2B. The coils 3c, 4c arranged on the stators 3b, 
4b are so-called magnetic pole concentrated winding 
type coils which are formed by closely winding the coils 
3c, 4c around the teeth 3f, 4f, respectively, as shown in 
\ FIG. 3. The stator cores 3d; 4d are of a split segment 
30 type. Specifically, the teeth 3f, 4f formed on the stator. 
. cores 3d. 4d are originally separated from one another 
and are shaped into a ring form after a winding process:: 
This split segment structure can take different forms. For 
: example, the individual teeth 3f, 4f.may be completely 
35 separated from one another. Alternatively, the separate - 
teeth 3f , 4f may be joined one after another at their thin 
* portions 3h, 4h as shown in FIG. 5A, or the separate. 
. nr. teeth 3f , 4f may be connected by joints 3j, 4j as shown 
= * in FIG. 5B. These varied forms of the structure are pro- 
40 vided with connecting parts like the thin portions 3h, 4h 
- or the joints 3j, 4j which make it possible to increase the 
intervals between coil-winding portions 3k, 4k of the in- 
: dividual teeth 3f , 4f during the coil-winding process and 
. < ■ to decrease the intervals so that the teeth 3f,,4f can- be 
45 shaped into the ring form after the coil-winding process. 
.As shown in FIG. 4, the coils 3c, 4c,are connected to 

• configure a three-phase star connection, in which-two 
v -isets of three series-connected closely wound coils: 3c, 

4c of the same phase are connected in parallel. 
so [0029] Magnetic poles, of the rotor 6a of the motor A3 
and those of the rotor 6b of the motor B4 are arranged 
such that the magnetic poles of the same polarity are 
located at the same angular positions around (or at the 
same positions in the circumferential direction of) the ro- 
55 tary shaft 5, while magnetic poles (+U1) of the stator 3b 

• of the motor A3 and their corresponding magnetic poles 
(+U1) of the stator 4b of the motor B4 having the same 
polarity with the magnetic poles (+U1) of the stator 3b 
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are displaced from each other in the circumferential di- 
rection of the rotary shaft 5, as shown in FIGS: 2A and 
2B. Given a reference position e, for example, the mid- 
dle point of a north (N) pole of the rotor 6a (6b) is located 
at the position of 9 = 0° in both the motor. A3 and the 
motor B4. On the other hand, although the middle point 
of one of U-phase coils is located at the position of 8 = 
0° in themotorA3; the middle point of the corresponding 
one of U-phase coils is located at the position of 6 = 
11.25° in the motor B4. This means that the rotors 6a 
and 6b are mounted at the same positions relative to the 
rotary shafts, whereas the stators 3b and 4b are mount- 
ed such that their angular positions have a phase differ- 
ence of 11 .25° in terms of mechanical angle. Since the 
rotary electromechanical device otthe present embod- 
iment is a 1 6-pole machine, this deviation of . stator 
mounting angles corresponds to an electrical angle of 
11.25° x (16/2) = 90° as will be explained later. In this 
arrangement of the invention, the relative distance beT 
tween the poles of the same polarity on the rotors 6a, 
6b and the stators 3b, 4b in the circumferential direction 
of the rotary shaft 5 differs between the motors A3 and 
B4 as stated above. ■ 

[0030] The following discussion deals with torque rip- 
ples occurring in the motors A3 and B4. It is known that 
torque ripples. occur due to spatial harmonic eompor 
nents contained in a magnetic field formed by perma- 
nent magnets in a permanent magnet motor. Since in- 
duced voltages. due to third harmonic magnetic fluxes 
are canceled out in a motor.driven by a three-phase star . 
connection as in the present invention, induced voltages 
occur due to fifth, seventh .eleventh, thirteenth harmonic 
magnetic fluxes, and so on. While the product of the in- 
duced voltage and current gives a torque, the torque is 
generally expressed by equation (1). below taking into 
consideration the mechanical arrangement of three- 
phase windings: : 7 :-*:.' r 

T= T_0 + T_6-cos(6o>t+ $_6) + T_12-cos(12a>t 

\ . +.5_12)+ ... (1) 



where T_0 is mean torque, .to is the angular frequency 
of a current fed from a power supply, T_n is the ampli- 
tude of an nth torque ripple component, and 5^_n is the 
initial phase of an nth component of the torque ripples. 
[0031] It is known that corhponents of lower order 
generally have larger absolute values among the afore- 
mentioned torque ripples, and what is practically inf I u-. 
ential and problematic is a sixth component. . : ' 
[0032] It is also known that when there exist dimen- 
sional errors in a stator caused by insufficient manufac- 
turing accuracy, a 2nth component of the torque ripples 
generally occurs. In this case, torque T is expressed by 
equation (2) below, in which the value of -a second com 1 
ponent is particularly large: • 



5 . 



T = T_0 + T_2-cos(2ot + S_2) + T_4-cos(4cot + 5_4) 
+- T_6-cos(6<ot + 5_6) + T_8 : cos(8co.t + 5_8) 
+ T_10-cos(10<Dt+ 5_10) ' 
;'+T_12.cos(12a>t+5_12) + ..." (2) 



10 • where T_0 is the mean torque; co is the angular frequen- 
. cy of a current fed from the power supply. Tin is the 
amplitude of the nth torque ripple component, and 5_n 
is the initial phase of the nth. component of the torque 
ripples. ■ Vi 

15 [0033] The torque ripples occur when the compo- 
nents due to harmonics produced by the permanent 
*, magnets and the components produced by dimensional 
errors of the stator. caused by insufficient manufacturing 
accuracy are combined as shown in the aforementioned - 
20 equations (1) and (2), wherein the second and sixth 
components are particularly large. 
; [0034] Physical imbalance among coils of individual ' 
phases, eccentricity and irregularities in the inside di- 
. ameter of the stator are major causes of the torque rip- 
'25 pies related: to manufacturing errors. Among them, ir- 
regularities in the inside diameter of the stator are most 
. influential to the generation of torque ripples, particularly 
when a split segment type core is employed. 
[0035] Experiments conducted by the inventors of the 
30 present invention have. proved that there is a tendency - 
. that deformation of. the stator is mostly determined by - 
welding positions and this tendency is significant parties 
u la fly in the split segment type core. If two core blocks:; 
3g.(4g) each including nine teeth 3f (4f) are welded to. 
35 -make a core having a circular cross section as shown 
in. FIG. 6, for, example, the core would deform at two 
. welded joints 3y:(4y) in the directions of upward- and 
downward-pointing arrows, forming an elliptical cross- 
: section shape, as schematically shown in FIG . 7. There- 
40. fore, if the welded joints 3y of themotor A3 and the weld- 
ed joints 4y of the motor B4 are taken at the same po- 
sitions, it is possible to reduce the torque ripples in a 
stable fashion. and with good repeatability by producing 
■ . the. aforementioned phase difference between the mo- 
45 \ tors A3 and B4. " - 

[0036] Now, a torque ripple suppression method used 
when the motors A3 and B4 are driven from the inde- 
pendent variable power supplies 2a, 2b and controlled 
independently of each other is described. 
so [0037] -It is possible to. cancel out the torque ripples 
by inverting the phases of the second and sixth harmon- 
ics of the torque ripples of the motors A3 and B4. Since 
the angle for achieving phase inversion is 1 /6 of the fun- 
damental component (power supply frequency) for the 
55 sixth harmonic of the torque ripples, it may be any odd' 
' - * multiple of 1 80/6 = 30° (i.e., 30°, 90°, 1 50°,...) in terms 
. of electrical angle. Also, since the angle for achieving 
'Phase inversion is 1/2- of the fundamental component 
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(power supply frequency) for the second 'harmonic of the : 
torque ripples, it may be any odd multiple of 1 80/2 = 90° 
(i.e., 90°, 270°, 450V..) in terms of electrical angle. It is . 
understood from above that both the second and sixth 
harmon ics of the torqu e ripples can be canceled out with 
a phase difference equal to an odd multiple of the elec- 
trical angle of 90° that is common for the second and 
sixth harmonics. 

[0038] To cancel out the torque ripples in this manner, 
driving currents of optimum phases are fed into the mo- 
tor A3 and the motor B4. Specifically, the driving:cur- 
rents are fed into the motor A3 and the motor B4 with a 
phase difference of 90°, 

[0039] As is apparent from the foregoing discussion, 
it is possible to suppress the torque rippJes without re- 
ducing the amount of torque by displacing the positions 
of the magnetic poles of the stators 3b, 4b and the rotors 
6a, 6b of the motor A3 including the statqr 3b and the 
rotor 6a and the motor B4 including the stator 4b and 
the rotor 6b from each other in the circumferential direc- 
tion of the rotary shaft 5, arranging the motor A3 and the 
motor B4 in series along the axial direction of the rotary 
shaft 5, and driving the motor A3 and the motor B4 by . 
the variable power supplies 2a, 2b independently of 
each other. 

[0040] Especially when the motor A3 and the motor 
B4 of the present embodiment are used instead of con- 
ventional concentrated winding type motors whose 
torque is noticeably decreased due. to the torque. ripple 
reduction method, the aforementioned effect of sup- 
pressing the torque ripples without reducing the amount 
of torque would be considerably significant. . r 
[0041] Also in the rotary electromechanical device 
whose motors A3 and B4 are driven by three-phase air 
ternating current variable power supplies, it is possible, 
to cancel out two kinds of torque ripples, that as, the. 
torque ripples (whose frequency is six tjmes,the power 
supply frequency) occurring due to- harmonic magnetic, 
fluxes and the torque ripples (whose frequency is twice 
the power supply frequency) occurring due to dimen- 
sional errors (deformation of surfaces facing the rotors,. 
6a, 6b) of the stators 3b, 4b caused by insufficient man- 
ufacturing accuracy, if the phase difference between the 
motors A3 and B4 is set to an odd multiple of 90° in terms 
of electrical angle. , 
[0042] Although the foregoing discussion of the. 
present embodiment has dealt with a case where the 
torque ripples are suppressed using the relationship be- 
tween the phases of the two motors without employing 
an skewed slot structure, it is possible to additionally 
adopt the skewed slot structure irvthe individual motors. 
The skew structure, if employed, could help remove the .. 
torque ripples in a more reliable fashion. Furthermore, 
the skew structure will serve to remove torque ripples 
other than those caused by the harmonic magnetic flux- 
es and manufacturing errors of the stators. 
[0043] FIGS. 14A-14C are. diagrams showing an ex-, 
ample of the skew structure wherein permanent mag- 
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nets 3e (magnetic poles) of a rotor are obliquely ar- 
. ranged. More- particularly, FIG. 14A;is a development 
plan view of the permanent magnets 3e of the rotor of 
. a radial gap type in which facing surfaces of the rotor 
and stator are arranged parallel to the axial direction of 
a rotary shaft, and FIG. 1 4B% a plan view showing per- 
manent magnets of the rotor of a later-described axial 
gap type. Referring to FIG. 14A, the permanent mag nets 
3e are arranged obliquely to an arrow showing the axial 
direction of the rotary shaft. When the permanent mag- 
:nets 3e are mounted obliquely to the axial direction in 
this fashion, the phase of magnetic fluxes intersecting 
the stator deviates toward the axial direction and, as a 
consequence,, it is possible to cancel out the torque rip- 
ples. 

[0044] A skew angle is the degree of obliquity with re- 
spect to the axial direction and is defined as the electri- 
cal angle 360 x a/b; (degree) using, variables "a" (the 
amount of deviation of a lower end of the permanent 

• magnets 3e from the axial direction) and "b M (the overall 
width of two adjacent south (S) and north (N) magnetic 
poles) shown in RIG. 14A. The following effects can be 
obtained by properly adjusting this skew angle.: 
[0045] If, for.example; the skew angle is set to an elec- 
trical angle of 1 80°, it is possible to cancel put compo- 
nents whose frequency. is six times the power supply 
frequency as well as components whose frequency is 
itwice the power supply frequency, and by employing two 
independent motors and displacing the phases, it be- 
comes possible to suppress the torque ripples in a more 

• reliable fashion. <■* >: * ■ 

[0046] Even when the skew angle is set to an electric 
cal angle of other than 180°, it is possible to cancel out 
•other components than the aforementioned .compo- 
nents which occur in relation to. the power, supply ire-: 
quency, should such components occur. For example, 
the same number of torque- ripples as the number :of 
slots per revolution (18 torque ripples per revolution in 

. the present embodiment) could occur due to manufac- 
turing errors of the rotors (e.g., deviation of field pole 

. positions). Should this occur, the 18 torque ripples per 
revolution can be suppressed if the skew angle is set to 
160° in terms of electrical angle. 

. [0047] In the case of the axial gap type shown in FIG:, 
1 4B : the permanent magnets 3e shou Id be set at an ob- 
lique angle to the radial direction of the rotary shaft com-, 
pared to a non-skew structure. This angle of deviation 
of the permanent magnets 3e is the skew angle, and the 

. same effects as would be achieved with the radial gap 
type of FIG. ;1 4A are obtained by adjusting the skew an- 
gle. 

[0048] In addition, the same effects as would be 
achieved with the skew structure of FIG, 14A, in which 
the permanent magnets 3e are. obliquely arranged, are 
obtained in a. skew structure -of FIG. 14C, in which the 
permanent magnets 3e are arranged in two layers and 
the permanent magnets 3e in one layer are horizontally 
; displaced from the permanent magnets 3e in the other 
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layer. 

[0049] While FIGS. 14A^14C show examples of skew 
structures in which the magnetic poles of the rotors are. 
obliquely arranged, the magnetic poles of the stators. 
may be arranged obliquely, or the magnetic poles of 
both the rotors and the stators may be arranged oblique-, 
ly in opposite directions. 

SECOND EMBODIMENT 

[0050] FIG. 8 is a.partially sectional diagram showing 
the construction of a built-in .motor type pulley driving : 
system according to a second embodiment of the inven- 
tion employing the rotary., electromechanical device of 
the above-described first embodiment. In FIG. 8, the 
same reference- numerals as . used: in the first embody 
ment indicate elements identical or equivalent to those 
of the first embodiment, and a detailed description of 
such elements is omitted. -. •■; 

[0051] As illustrated in FIG. 8, a ;hoisting machine 11 
includes a pulley section 12 provided at the center, . a 
motor A3 and a motor B4 provided respectively on the: 
left and right of the pulley section 12, wherein yokes (iron 
cores) 3a, 4a of rotors 6a, 6b of the. motor A3 and the 
motor B4 and' a pulley 13 of the pulley section 12 form, 
a single structure which is fixedly. mounted on a rotary, 
shaft 5. This means that the motor A3 .and the.motor B4 
are integrally mounted on a common. axis on. the rotary 
shaft 5 with the pulley 13 disposed in between. 
[0052] Brakes 14a, . ,1 4b are provided in internal spac- 
es of the rotors 6a, 6b of the motor A3 and the motor B4 
and fixed to a frame 7 or to a bracket 8. . 
[0053] As is the case with the first embodiment, a driv- 
er section 2:for driving the hoisting.machine 11 includes 
two variable power supplies 2a, 2b which are connected 
to the the motor, A3 and the motor B4, respectively. ■ 
Thus, the motor A3 and themotor.B4 are driven by the 
respective variable power supplies 2a, 2b independent- 
ly of each other. • p.- 
[0054] Since the pulley driving system of this em bod- ' 
iment employs the same rotary electromechanical de- 
vice of the first embodiment, it is possible to" suppress 
torque ripples and prevent a reduction in -the amount of 
torque produced by the hoisting machine 11 . 
[0055] Furthermore, there is no need to unnecessarily 
increase the mechanical strength of connecting parts 
between the pulley section 12 and motor sections and 
the physical size of the system can be reduced: This is 
because the pulley section 12 which carries loads is lo- 
cated between the motor A3 and the motor B4 and the 
two motors A3, B4 are symmetrically arranged so that 
the loads exerted on the pulley section 12 are well bal- 
anced and forces applied to the pulley section 12 and 
the motors A3, B4 can be properly distributed. 
[0056] While the foregoing first and second embodi- 
ments show examples in which the magnetic poles of 
the rotors 6a, 6b are mounted such that the magnetic -= 
poles of the same, polarity are located at the same po- 
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sitions in the circumferential direction of the rotary shaft 
-S'.while the magnetic poles, of the stators 3b, 4b are 
mounted such that the magnetic poles of the same po- 
larity are displaced by 90° in terms of electrical angle in- 
. the circumferential direction of the rotary shaft 5 as des- 
picted in FIGS. 2A and.2B, the invention is not limited . 
to this arrangement as long as the torque ripples can be *■ 
canceled out. Shown in FIGS. 9(a) and 9(b) is an exam- 
ple of an alternative arrangement, In' which FIG. 9(a) is 
a cross-sectional view taken along lines ll-ll of FIG. 1 
and FIG. 9(b) is across-sectional viewtaken along lines 
lil-lll of FIG. 1-. In this alternative arrangement, the cor- 
responding magnetic poles of the stators 3b, 4b are 
mounted such that they are located at the same angular 
positions around the rotary shaft 5 while the. magnetic 
poles of the. rotors .6a, 6b are mounted such that the ' 
magnetic poles of the same polarity are displaced by. ■: 
90° in terms of electrical angle in the circumferential dir 
rection of the rotary shaft 5 as illustrated in FIGS. 9 A 
and 9B. . 
[0057] Although the foregoing discussion has pre- " 
sented examples in which the number of the magnetic 
poles on each of the rotors 6a, 6b is 16 and the number > 
of the magnetic poles on each of the stators 3b, 4b is H ^ 
18, the invention is not limited thereto. 
> r [0058] Also, while the foregoing discussion has dealt f 
with a case where the rotary electromechanical device 
includes two motors A3, B4, there may be provided 
three or more motors/ In the latter case, the relative dis- . 
30 stance between the magnetic poles of the same polarity**.-, 
on the rotors and the motors should be varied among, ^» 
the. individual motors as is the case with the foregoing ^ 
arrangements provided with two motors. - 
[0059] Furthermore, the foregoing arrangements utiVn* 
lize the encoder 10 as the rotational position detecting- '•" 
device, the invention is not' limited thereto. As an alter- 
native, a resolver may be employed as the rotational po- . 
sition detecting device; for example. ! 
[0060] Furthermore, the rotational position signal out- 
put from the encoder 1 0 may be shared as a sensor sig- 
nal and subjected to a signal processing operation in 
both controllers A and B. Alternatively, -a master-slave 
configuration may be employed, in which the rotational 
position signal lis subjected to the signal processing op- 
eration in one controller only (master) and the other con- 
troller (slave) receives switching timing information from 
the master controller. 
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THIRD EMBODIMENT^ ■* • 

[0061] FIG. 1 0 is a sectional diagram showing a con- 
struction according to a third embodiment of the inven- 
tion, in which the same reference numerals as used in 
FIG. 8 indicate elements identical or equivalent to those 
shown in the foregoing discussion: 
[0062] In this embodiment, a frame is divided at its 
center into two parts, a first frame section 7a-and a sec- 
ond frame section 7b. This construction makes it possi- 
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ble to configure stators 3b, 4b of motors A3 and B4 by 
shrink-fitting the first frame section 7a on the stator 3b 
and the second frame section 7b on the stator 4b and, 
then, assembling thef irst and second frame sections 7a, 
7b. Since the stators 3b and 4b can be assembled in- 5 
dependency of each other by shrink fit process which 
requires considrably high positioning accuracy during 
manufacture, this embodiment helps improve productiv- 
ity. . , . .. i 
[0063] As an alternative, the frame may be divided in- 10 
to four discrete parts, that is, first and second frame sec- . 
tions 7a, 7b and brackets 8a, 8b as shown in FIG. 11. 
This alternative also enables assembly of the stators 3b 
and 4b by shrink fitting independently of each other, as 
in the case of FIG. 1 0. By dividing the frame into the first *5 
and second frame sections 7a, 7b and brackets 8a, 8b, 
it becomes easierto access the internal spaces of rotors 
6, resulting in an increase in ease of assembly of such 
components as an encoder. 

20 

FOURTH EMBODIMENT 

[0064] FIG. 1 2 is a sectional diagram showing a con- 
struction according to a fourth embodiment of the inven- 
tion, in which the same reference numerals as used in 25 
FIG. 8 indicate elements identical or equivalent to those 
shown in the foregoing discussion. 
[0065] The construction of this embodiment is char- 
acterized in that both motors A3 and B4 are provided on 
one side of a pulley section 12 and a frame 7 and a 30 
bracket 8 are of a three-segment structure. This con- 
struction provides the following advantageous effects: 

(1 ) Since the distance between the motors A3 and 

B4 is reduced, a structural part between the motors 35 
A3 and B4 has greater torsional rigidity and a con- 
trol response delay caused by torsional deformation 
is eliminated. As a result, it becomes possible to 
cancel out torque ripples regardless of the amount 
of load torque. 40 

(2) Since this construction enables assembly from 
one side, it helps improve productivity. 

(3) As is the case with the third embodiment de- 
scribed above, it is possible to configure stators 3b, 

4b by shrink-fitting a first frame section 7a on the 45 
stator 3b and a second frame section 7b on the sta- 
tor 4b and, then, assembling the first and second 
frame sections 7a, 7b. Since the stators 3b and 4b 
are assembled independently of each other by the 
shrink fit process which requires highly accurate po- so 
sitioning during manufacture, this embodiment 
helps improve productivity. 

(4) Since larger internal spaces are made available 
in rotors 6, this construction helps increase the de- 
gree of freedom in designing equipment disposed 55 
in the internal spaces. 

[0066] If magnetic poles of the stator 3b and the stator 



4b are displaced from each other in the circumferential 
direction of the a rotary shaft 5 and magnetic poles of 
the same polarity of the two rotors 6 are located at the 
same angular positions around the rotary shaft 5 as il- 
lustrated in FIGS -2A and 2B, it is possible to perform a 
process of positioning permanent magnets 3e, 4e in the 
circumferential direction when installing the rotors 6 si- 
multaneously, on the two motors A3, B4. This serves to 
further improve productivity. : ; 

FIFTH EMBODIMENT 

[0067] FIG. 13 'is a sectional diagram showing a con- 
struction according to a fifth embodiment of the inven- 
tion, in which the same reference numerals as used in 
FIG. 8 indicate elements identical or equivalent to those 
shown in the foregoing discussion. 
[0068] Motors A3 and B4 of this embodiment are so- 
called axial flux type motors, in which facing surfaces of . 
stators 3b, 4b and rotors 6 are vertical side surfaces (flat 
surfaces), and not cylindrical surfaces. Although it is 
necessary to increase the strength of a support mech- 
anism for maintaining the width of an air gap between 
the facing surfaces of the stators 3b, 4b and the rotors 
6 to withstand electromagnetic forces exerted on the 
facing surfaces in this construction, it is possible to ob- 
tain a greater mechanical accuracy with the flat surfaces 
compared to the cylindrical surfaces, so that torque rip- 
ples occurring in relation to surface irregularities can be 
suppressed. ,.-•><•:. - '.. 



Claims 

1. A rotary electromechanical device comprising: 

a rotary shaft(5); 

a plurality of motor sections (3 ,4), each includ-^ . 
ing a rotor(6a,6b) and a stator(3b,4b) posi- 
tioned to face each" other, the rotors(6a,6b) of 
the individual motor sections(3,4) being fixedly 
mounted in series on the rotary shaft(5); and .-: 
power supplies(2a,2b) for driving the multiple 
motor sections (3 ,4) independently of one" an- 
other; 

wherein the relative distance between, mag- : 
netic poles of the same polarity on the rotor(6a,6b> 
and the stator(3b,4b) in the circumferential direction 
of the rotary shaft(5) differs between the individual • 
motor sections (3, 4). v 

2. The rotary electromechanical device according to 
claim 1 , wherein said multiple motor sections are 
two motor sections(3,4) driven by the respective 
power supplies(2a,2b) of a three-phase alternating 
current type : and the difference between said rela- - 
tive distances between the motorsections(3,4) cor- 
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responds to a phase difference equal to an odd mul- 
tiple of.90° in terms of<electrica! angle. - 

The rotary electromechanical device according to 
claim 1 or 2, wherein the. stators(3b,4b) are of a 
magnetic pole concentrated winding type in which 
coils(3c,4c) are wound closely around, individual 
teeth(3f,4f),formed on statorcores(3d,4d) of the in- 
dividual stators(3b,4b). 

The rotary electromechanical device according to 
claim 1, 2 or 3, wherein the teeth(3f,4f) formed on 
each of the stator cores(3d J 4d) are separated from 
one another or the te.eth(3f,4f) are joined in such a 
manner that intervals between wire-winding por- 
tions of the adjacent teeth(3f,4f) on which coils(3c,> 
4c) are wound can be increased.,. * 
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a single structure.. 

.9:; The pulley(13) driving system according to claim 7 
. or 8, wherein the whole of the multiple motorr-sec- 
tions(3,4) are provided on one side of the pulley 
section (12) in the axial direction of. the rotary shaft ■ 
■ (5). .. • 

10. The pulley(13) driving system according to claim 7 
or 8, wherein the multiple motor sections(3,4) are. 
: provided on both sides of the pulley section(12) in . 
the axial direction of the rotary shaft(5). 



5. The rotary electromechanical device according to- 
claim 1 r 2, 3 or 4, wherein the motor sections(3,4) 
are of a radial gap type in which facing surfaces of 
the stators(3b,4b) and the rotors (6, 6a, 6b) are ar- 
ranged parallel to the axial direction of the ; rotary 
Shaft(5). * • - r : ■ 

6. The rotary electromechanical device according to 
claim 5, wherein the magnetic poles provided:on the. 
stators(3b,4b) or the magnetic: poles provided on 
the rotors(6), or the magnetic poles provided on 
both the stators(3b,4b) and the rotors (6), are ar- 
ranged at an oblique angle to the axial direction of 
the rotary shaft(5). 

7. A pulley(13) driving system comprising: 

a rotary shaft(5); 

a plurality of motor sections(3,4), each includ- 
ing a rotor(6,6a,6b).and a stator(3b, 4b) posi- 
tioned to face each other, therotors(6,6a,6b) of 
the individual motor sections(3,4) being fixedly > 
mounted in series on the rotary shaft(5); 
a pulley section (12) arranged in series with the 
rotors(6,6a,6b) in the axial direction of the rota- 
ry shaft(5) and fixedly mounted on the rotary..' 
shaft(5); and 

power supplies(2a,2b) for driving the multiple 
motor, section s(3, 4) independently of one an- 
other;' .... » . ■ ■. v •: 
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wherein the relative distance between mag- 
netic poles of the same polarity on the rotor(6,6a, 
6b) and the stator(3b,4b) in the circumferential di- 
rection of the rotary shaft(5) differs between. the in-, 
dividual motor sections (3 ,4). - « 

The pu!ley(1-3) driving system according to claim 7, 
wherein iron cores(3a,4a) of the individual rotors. 
(6,6a,6b) and the pulley section(1 2) are formed into 
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FIG. 1 4 B 
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